The decision as to whether or not concomitant tricuspid valve (TV) surgery should be performed in patients with left-sided valve surgery was influenced for many years by an article from Braunwald et al in 1967. 1 In this article, the authors concluded that tricuspid regurgitation (TR), in the presence of concomitant mitral valve (MV), would "… improve or disap-pear after MV replacement and that TV replacement is seldom necessary."
Introduction
The decision as to whether or not concomitant tricuspid valve (TV) surgery should be performed in patients with left-sided valve surgery was influenced for many years by an article from Braunwald et al in 1967. 1 In this article, the authors concluded that tricuspid regurgitation (TR), in the presence of concomitant mitral valve (MV), would "… improve or disap-pear after MV replacement and that TV replacement is seldom necessary."
However, several publications in the past 10 years have demonstrated that up to 74% of patients undergoing successful left-sided valve surgery will develop TR over time with poor outcomes. [2] [3] [4] [5] In addition, TV-related reoperation is associated with an early mortality rate ranging between 0 and 37%. [6] [7] [8] [9] Keywords ► tricuspid valve ► mitral valve surgery ► minimally invasive surgery
Abstract
Background The aim of this study was to investigate the impact of short-and midterm survival of tricuspid valve (TV) repair versus conservative therapy in patients with preoperative moderate functional tricuspid regurgitation (TR) undergoing minimally invasive mitral valve (MV) surgery. As a consequence of these more recent studies, American College of Cardiology/American Heart Association (ACC/AHA) guidelines for the management of patients with valvular disease give a level IIb C recommendation for concomitant TV surgery during MV operations: "Tricuspid annuloplasty may be considered for less than severe TR in patients undergoing MV surgery when there is pulmonary hypertension or tricuspid annular dilatation." 10 The European guidelines give a level IIa C recommendation for "moderate secondary TR with dilated annulus (> 40 mm) in a patient undergoing left-sided valve surgery." 11 Despite these recommendations, there are currently no randomized trials and only a few retrospective studies that have compared postoperative outcome of patients with and without concomitant TV repair during left-sided valve surgery. The purpose of our study therefore was to compare medium-term outcomes in patients undergoing minimally invasive MV surgery in the presence of moderate functional TR with and without additional TV repair.
Patients and Methods
Between January 2002 and December 2009, a total of 2,183 patients with mitral regurgitation underwent minimally invasive MV surgery at the Leipzig Heart Center. Of these, 1,351 patients were men (61.9%) and 832 were women (38.1%). Of these, 231 patients underwent a concomitant TV repair, of which 109 were men (8.1% of the total men) and 122 were women (14.7% of the total women; p < 0.001).
Of the entire group of 2,183 patients, mitral regurgitation was accompanied by moderate TR in 430 patients, who formed the focus of this study. Patients with endocarditis were excluded. These patients were further divided into two groups. Group A consisted of patients undergoing isolated minimally invasive MV surgery (n ¼ 336) and group B consisted of patients undergoing minimally invasive MV surgery and concomitant TV repair (n ¼ 94). The decision as to whether or not the TV was repaired was left to the discretion of the operating surgeon. The number of patients undergoing additional TV surgery increased over the years of the study, reflecting a more aggressive approach to functional TR over time (see ►Fig. 1).
Indications for MV surgery were symptomatic MR or asymptomatic MR in the presence of left ventricular dilation/dysfunction, pulmonary hypertension, and/or atrial fibrillation, in all patients. Pre-, intra-, and postoperative data were prospectively entered into a patient data management system and retrospectively analyzed. In addition, chart review and information from preoperative and predischarge echocardiographic reports were collected and analyzed. MR and TR were quantified by the measurement of the vena contracta in a four-chamber view. 12, 13 The minimally invasive technique for MV and TV surgery via a right anterolateral mini-thoracotomy has been described earlier by our group. [14] [15] [16] [17] The technique of MV repair/replacement and the decision for or against additional TV repair was at the surgeon's discretion, depending on the preoperative and/or intraoperative echocardiography data.
The method of TV repair was also left to the surgeon's discretion and consisted of either a Kay suture annuloplasty 18 or insertion of a semirigid Carpentier-Edwards Classic ring (Edwards Lifesciences, Irvine, CA, United States) or a flexible Cosgrove-Edwards annuloplasty band (Edwards Lifesciences). Atrial ablation procedure was performed in patients with symptomatic atrial fibrillation, which is recommended as IIa classification. 19 Ethical approval was granted from the local Ethics Committee for this investigation.
Follow-Up
All patients were contacted by mail and were asked to answer a specific questionnaire on an annual basis. Patients who did not respond were contacted directly by telephone. If no further information was available, family physicians and/or referring cardiologists were contacted. Follow-up was 97% complete with a mean follow-up time of 4.6 AE 2.4 years (range 0 to 9.8 years).
Statistical Evaluation
Results are displayed in the standard format with continuous variables expressed as mean AE standard deviation and categorical data as proportions throughout the manuscript. Risk analysis was done with binary logistic regression analysis. Cumulative survival, as well as freedom from valve-related reoperation, was calculated by Kaplan-Meier methods. Differences in follow-up were calculated with 95% confidence limits and compared by log-rank (Mantel Cox) test.
All the statistical analyses were performed using SPSS statistical package 17.0 (SPSS Corp., Birmingham, AL, United States). A p-value less than 0.05 was considered to be statistically significant.
Results
A total of 430 patients underwent minimally invasive MV surgery with (n ¼ 336) or without (n ¼ 94) concomitant TV repair due to moderate functional TR. The mean age of all patients was 66.7 years and nearly half were male (see ►Table 1). Average New York Heart Association (NYHA) class was 2.6 AE 0.7. Left ventricular function was normal in the majority of patients and atrial fibrillation was present in almost half of the cohort. In 31 patients (7.2%), a previous cardiac operation had been performed.
►Table 1 compares the demographic data of patients who did and did not undergo concomitant TV repair. The only significant difference between groups was the presence of atrial fibrillation, which was significantly more frequent in patients who underwent additional TV repair. Preoperative NYHA classification III to IV was present in 62.3% (259 out of 416) of all patients and there was no significant difference between the two groups (p ¼ 0.5).
Operation, cross-clamp, and cardiopulmonary bypass (CPB) times were significantly shorter in patients without additional TV repair ( Additional procedures were closure of an atrial septal defect in 47 patients (10.9%) and an atrial ablation procedure in 186 patients (43.3%). There was a significant difference in the incidence of atrial ablation procedures in both groups: group A, 130 out of 336 patients (38.7%); group B, 56 out of 94 patients (59.6%); p < 0.01, which was related to a significant difference in the incidence of preoperative atrial fibrillation between both groups.
Predischarge echocardiography showed no or mild TR in 51.1% of patients in group A, and no or mild residual TR in 84.2% of patients in group B (p < 0.01). Detailed echocardiographic data are displayed in ►Fig. 2.
New postoperative permanent neurological deficits were detected in four patients (0.9%), all of them were in group A (p ¼ 0.8).
Postoperative rethoracotomy due to bleeding complications was necessary in 29 out of 336 patients (8.6%) of group A and 11 out of 94 patients (11.7%) of group B.
Overall, 30-day mortality was 2.8% with nine deaths (2.7%) occurring in group A and three deaths (3.2%) occurring in group B (p ¼ 0.7).
►Fig. 3 displays mid-term survival of group A and B patients. Survival was 84.3 AE 2.0% 5 years postoperatively for the entire patient cohort, with 85.0 AE 2.2% 5-year survival in group A compared with 82.9 AE 4.1% in group B (log-rank p ¼ 0.1). ►Fig. 4 depicts mid-term survival of patients with 
Discussion
We retrospectively assessed the implications of performing concomitant TV repair in patients with moderate functional TR undergoing elective minimal invasive MV surgery. Although concomitant TV surgery was associated with significantly longer cross-clamp, CPB, and operative times, we were unable to demonstrate any increased occurrence of perioperative complications in patients in whom additional TV repair was performed. In addition, we did not observe any significant difference in mid-term postoperative survival or freedom from TV-related reoperation between these two groups of patients. However, early postoperative rates of moderate or more residual TR were significantly higher in patients who did not undergo concomitant TV repair. In addition, residual TR ! 2þ was a predictor for poorer mid-term survival in the entire patient group.
One must be cautious when interpreting our results, as the observed lack of benefit for concomitant TV repair must be put in the perspective of probable patient selection bias. Our approach to moderate concomitant TR in MV patients was originally conservative in the early years of our study, but has become progressively more aggressive over time as more evidence supporting concomitant TV repair has appeared in the literature. Although all patients in the current study had moderate TR, it is quite likely that those who underwent concomitant TV repair had more advanced disease (e.g., increased TV annular dilation or right ventricular dilation and/or dysfunction). Indeed, patients who underwent concomitant TV repair had a higher incidence of atrial fibrillation, suggesting more advanced disease in this group. Despite this selection bias, the early and mid-term outcomes between the two groups of patients were similar. Combining this information with the observed decreased residual TR rate in concomitant TV repair patients, plus the observed decreased medium-term survival rate in patients with residual TR, one can conclude that concomitant TV repair should probably be performed in patients with moderate functional TR undergoing MV surgery.
Our conclusions are supported by the observations of several other investigators. In 2005, Dreyfus et al described an increase of the degree of TR of more than two grades during follow-up in 48% of patients undergoing MV surgery without initial concomitant TR. 20 Matsunaga et al also observed an increase in TR after MV surgery due to functional ischemic mitral regurgitation. 21 Both the authors stated that tricuspid annular dilatation is a criterion for the development of subsequent TR, regardless of the degree of initial TR. Dreyfus et al suggested that a dilated annulus of greater than 70 mm in the arrested heart or greater than 40 mm in the beating heart, regardless of the amount of TR, should be the criterion to perform additional TV repair in MV surgery patients.
Gender differences in patients undergoing TV repair with minimally invasive MV surgery for mitral regurgitation is another point of interest. Although there were no gender differences in patients undergoing concomitant TV repair for moderate TR, there was significant difference in patients who underwent concomitant TV repair (irrespective of TR grade), when the entire cohort of 2,183 patients was considered. In the latter group of patients, 14.7% were women and 8.1% were men (p < 0.001). This was similar to another report previously published by our institution (14.4% women vs. 8.2% men). 22 Gender differences in patients undergoing TV repair with minimally invasive MV surgery for mitral regurgitation did not influence postoperative outcomes either, which matches the results of a previous study involving isolated TV surgery reported by us. We concluded: "… we were not able to find gender-dependent differences in the postoperative outcomes after isolated TV surgery. But there seem to be demographic gender-dependent differences regarding the indications for TV surgery, which could influence the treatment of these patients." 23 Other investigators have focused on the degree of TR at the time of MV surgery to address this issue. 24, 25 Calafiore et al performed a propensity score-adjusted analysis in 110 patients undergoing MV surgery due to functional MR with or without additional TV repair due to moderate or severe TR. These investigators found that patients undergoing additional TV repair had a significantly higher survival rate during follow-up (74.5% vs. 45.0%). Furthermore, they observed a benefit in clinical outcomes with 64.9% of TV repair patients being in NYHA class I to II during follow-up, compared with 35.2% in which the TV was not repaired. 24 Kim et al investigated patients undergoing mechanical MV replacement due to rheumatic MV disease and additional TV repair in the presence of mild-to-moderate TR. 26 They could show that there was no significant difference in the postoperative out-comes in patients with and without TV repair during a followup of 49 months. However, patients with TR grade ! 2þ had a significantly worse survival compared with patients without TR. In a separate study, Navia et al investigated the postoperative outcome of patients undergoing left-sided heart valve surgery or coronary artery bypass grafting with or without additional TV repair in the presence of preoperative moderate TR. 25 They found no significant differences in the 5-year survival rate and TV-related reoperation rate between both the groups. However, postoperative echocardiographic measurements showed significantly less residual TR in the repair group that persisted during follow-up. In addition, they were able to demonstrate a clinical benefit with improved NYHA class in patients in whom the TV was repaired.
The use of intraoperative echocardiography to guide decision making regarding concomitant TV repair is not recommended because of the known difficulties calculating the degree of TR in sedated, ventilated patients. 27 It is our current surgical strategy to perform additional TV repair if there is a dilated TV annulus of ! 40 mm as measured by preoperative echocardiography. 20 Unfortunately, we were unable to retrospectively obtain consistent measurements of the preoperative tricuspid annular diameter in the current study, and therefore unable to comment on its effect on follow-up outcomes. It may be beneficial to develop a scoring system in the future that takes into account more information than just the tricuspid annular diameter because such a measurement may be operator dependent. Possible variables that could be incorporated into such a scoring system include vena contracta width, right atrial and pulmonary pressures, and evaluation of the presence of tricuspid structural abnormalities.
Current guidelines for additional treatment of moderate TR during MV surgery are based on expert opinions and retrospective studies. No prospective randomized studies currently exist, indicating the necessity to perform such a study to better clarify this important issue. Until such a study is performed, however, our current strategy is to follow the European Society of Cardiology (ESC) valvular guidelines and perform concomitant TV repair in patients with moderate functional TR and tricuspid annular dilation > 40 mm in patients undergoing MV surgery. 11 Furthermore, we also perform concomitant TR in patients with annular dilation (> 40 mm) and less than moderate TR, as long as they do not have risk factors for complications due to prolonged CPB times. We believe that such a recommendation is prudent given the evidence accumulated from the studies cited above.
Study Limitations
The main limitation of the current study is its retrospective, non randomized nature. However, the current study represents one of the largest series to date of patients undergoing MV surgery with moderate TR and therefore may add further insights into this important issue. The other main limitation is our lack of detailed echocardiographic preoperative and follow-up data. This limitation is partially due to the fact that measurements of the tricuspid annulus were not routinely performed and recorded in the earlier years of the study, and that nearly one-third of our MV repair patients are referred from other regions of the country without the possibility to perform the follow-up data at our institution.
Conclusion
In conclusion, patients undergoing MV surgery with moderate functional TR do not experience increased perioperative complication rates when a concomitant TV repair is performed, despite longer operative times. Concomitant TV repair is associated with less residual TR early postoperatively, and residual TR is associated with worse survival during follow-up. Our observations, combined with those of other groups, support current recommendations to perform concomitant TV repair in such patients, particularly if tricuspid annular dilation is present.
